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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device having a structure in which a dielectric film and a 
ferroelectric film are crystallized irrespective of the 
condition of the substratum, and a manufacturing 
method of the semiconductor device. 
SOLUTION: In a semiconductor device having a 
capacitor using a ferroelectric film, the ferroelectric film 
formed on a semiconductor substrate 108 is crystallized 
by using a flash lamp 107. The semiconductor substrate 
can be previously heated by using a halogen lamp. 
Crystallization is enabled without exerting influence on 
the structure of a lower part of the capacitor. A one- 
transistor semiconductor memory can be obtained 
wherein the ferroelectric film like a PZT film is 
crystallized on an Si02 insulating film like a gate oxide 
film or silicon by using the flash lamp, in the state that 
interface reaction is restrained. Furthermore, 
crystallization is enabled only in a part irradiated with a 
light by using a mask when the flash lamp is used. A 

metal mask, a glass mask, etc., which shield a lamp light can be used as a mask member. 
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[SHU T*0^t=J:6TfcB«W. «BWM« 
S^^atCfcV^T, 77 7^7^710 75:^ 
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misfit- hBMUi«, «D*3#2 OnraWK^C 
Jiff u 

> <h ©ig^««*s 3 0 n mHTT*§ C <b £*S» it £ 
tit C >2> C £ Zt$Wi± T * W3fcB 2 CcIB&CD^zSf* 

CHE. 

[11*114 ] Btriasftt^^ ^£BMbt»«s borate 

m& htazzt tftWi t?z n&ia 1 Jb^n im 4 <o u 
c i (rc j: 0 isftf tr & x*i & jmi iti^ci^Mi 

7 r *S£B«*R«:flgft| BufB^Bm»il^ii^Mtc 
*5JHbT SI8 £ £JMS LtcCt *W« <t T 



(2) 4$H 2 0 0 2 - 5 7 3 0 1 
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10 [S»*5 9] BU5B^SmftJK«. *»H^3>l! 
*8*> 6tt * C i ^r^li <b T SH*3S 6 7!j^li*Ji 8 
m^CClBScCD^»g^(DM^So 

P^^>fh^m ZrO, . HfO a . Ta 2 0 

20 ^^^riB^r^xiii, 

wtctts^ t r ^ ii <t * jus uti t -r zmm 

i mim i 2 ] mz&&mm&m i>o< temztf- b %t 

30 tibco^; ( l ) . (2) ©^mcffiortftoti^c 

E^- <T/1 0) +55 • • • ( 1 ) 
I = a • E/t> 1 5 00- • • (2) 
E (J/cm 2 ) te, Xe77 * ^>^'(Df±l^) 

> f>t^(Diisiit^ e *^/c 33 > T>-*?(Dwm 
**)^-m*mm^Q. 4, jss*j»^o. 5^1, 

&t>L, I (A ) \Z X 7? vis*. Us y'^^mmm^B: 
40 x (msec)ft ^^l/^()fl (^VW;*«SffiiB9B© 

¥«iB<kJE») (AWORI) ^^t>L. T CO tt. T 

att % 7 0t*^ e 
[^Wcr>I$ffl^!ftl§] 
[0 0 0 1 ] 

50 [ 0 0 0 2 ] 
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^^tbri$^ntt^ c *«tt^y<z>issiis4b© 

DRAM (Dynamic Randbm Access Memory) CD iSSHSlbtC 
0, ) . ^*>B^y ^A-^ha>^^A(Ba N S 

r) (Tio 3 ) toir©w«3&sjB*stiri»*. cn^ 
<ot**4tt, wt^'j 3>£Jt«i/TBMM3W 10-10 20 
OffiaKW^WakiWFoT^a. <2><D8f«*I8<D?M«{b 

* + ^^«J6*>6 1 s^y =J>SffitcaiC^3tc^^L/ 

&^tr v h«(Dg»©^^«JicS*L/T, WiL«, DR 30 
AMT'te: 1 -feJU£>fc9 3 0 f CcDm^S^^i 

[0 0 0 3 ] iSip, ^RS<t»JR«rWfflL/c^lS»tty 
^'Jt$)l)®eift^^>J (fcJT\ Ferroelectric R A 
M : Ferroelectric Random Access Memory) (Dfnl&tifiM. 
A/rt>& 0 Ferroelectric RAMiJ, DRAMCD^t^' 40 

JfctSft>*y<fcOT«ftSftTl» 

Ci«:J:0DRAM3fe^CDl 0 0 n sfelT©«#ii*«F 
RB*SnJffiT**, ©^»»tt^^yr*?), SRAMi 

< . mwtttH ( sbtw) , nts«4 ( i r o 

RuOx, S r RuO, tti*) *X*TSC iCCJ: 

o i 0 i2 i5|jw±^pjter*^, ©iss^isaiafb^ojtg 
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[0 00 4] Cft£<DM££*iJJBLT. X73>«g 
IBttttK. TV^^flJBBEIBttL 3tf- FAX, 
=i>hn-Jk v*s*<DmWB&'7*)1zv K RF-ID 

f*8MBt-fe>i*\ *gs*>*c[>«ffiH\ avav3>, 

C»*. Ferroelectric RAMti, * + 'tf£ffi&tCP Z 
T (Pb <Zr„ Ti 10 ) O, K BIT (B i 4 T 
i 3 O i2 ) , SBT (SrBijTa, O s ) ft £-©5$ 

«ftDRAMffl*t^s/^tt«4 o-ot&stsn 

ciOTt^^. Ltc&-z>x%gmt<D?ci&cDj:m> mz. 
Mr©s B B B ii:iMi, wjar© in-situS 

Sfb^P-fe^^^i^i&S. — & 

WtC 4 0 0 - 7 0 0 "COaifc&sttfcfb-CsiW itt J$ 

*lTl*£fc(D-r«:, MOCVD (Metal Orqanic Chenica 
1 Vapour Deposition)^ <CS 
D : Chemical Solution Deposition) MOCV 
Dffi. ^^v^ffi«J5EHfiRtcj:9, )n-s i tutS 
Sfb±Ex-s i t uJBB{b:/P4z;*<JDW^j&s*£. 
[000 5] JHT«. L<te&9W&mm d ?+>*ls*<D 

ffi&Ru^oftfttm&mizt^xmw-fz. &mmt$ 

«*^*yjR-?-©0. DRAMil^lC 
1T/1C (1 ^y^Vl+t^) cr>filil£ 

tC2T/2C*Jft©feO^<8ffl3tirt^. 
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Sffi©SSttft<h*K: —mc 1 0 mC/cid 2 

i^#ii*g£Sftri>*. ©ttiiSW^c^io * 
4 ur. Ifc;W**>*«*ll#/hS 

<, S/N]t*»il*t<!:**e#S. 8>£&ffl<D«*tt 

»*44»aia*c[)<3©i-r*Ci«:J:D 1 0 J? [D]tLbor) 
^5/*<D/.hSMb«cJ: 9 X-f * ^>^«Fi43CrSjE»<D 
£ uriE^sn&t: <L#^£;hri>& 0 

[0 00 6] ©U-*H«£#1 0- 6 A/cm 2 tTFr* 
RAMiJ:bf5"r^i, Ferroelectric RAMtttSS^ 

PZT (Pb (ZrT, T i O, ) PlJgt S 
BT (SrBi, Ta, O, ) SHr**. fft^CDPZ 
T^ffi^6 0 0 °C*Igr£>£ C £ . ft&m&X 
*<»a»ffiffi-C2 0 /iC/cm 2 ^g-C^^Cc?:. fit 

r/T i fflfiStbKiJ: bttJMbfiJgOfl&K:, *W>1M 

7Z$&±m*ti2>Pb*S r. Ba. Ca. Lafr£TCD7C 
St, B-tfW h7C*«bi*«nSZ r, Ti£Nb, W. 
Me. Co, Fe, Ni, Mntti'©SX-C«ftt5C 

tew:** < narrs cift x&m&t or #>tf £>n*. 

[0 00 7] feifeiPZTH T£**x-£, jffi# 

<©pie*$cn*'ctc^snr*jo. PZT<&tm»: 

tlfctDWftJlP&PZTtt. JMZJK: Ferroelectric RAM 

£Lr^JB{b£n/ctmr*£ 0 ^jS*c**«*ii*H 

Eft*© t> J: 0 Jrift S n &«* £ *> o tctb . 

^3fi<D»ffiIJlcD{&ilE{b, S15D«WS*i-Cl>fcPt* 
«3&>6I rO, tti*Wb«J*ffi(D»ffl«:J:4g|»«14(D 
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[000 8]-^ tttOSBTtt, PZTtDfcog^ 

SBTtt BiM(t^ft(Aur ivi 
1 3 i u s Phase) «r«B«14©fiiH£fc 
SBHRAffi**6a*«H^a^x/7-f h»jgJB*B i 

SKCaWtt $ tlT l^*Jo/Co l/*lMOD (Metalorgani 
c Decomposit1on)ffiraiB^fiS;^pJtg £ & 5 , TgJSS tl 

fa«lE^b^ffir*scttti^»B34ir« 
*3 6«CH**«flia[3*iTC>&. PZTI©8»lt P 
t «ffi»ffi(c»JiSS tiSM*2g?L^fcS JOSH i stir 

20 — »r* h fefctews^zasjigja ?n^»i SfiescDHW * 

Ct. SBTtt, JWtf!*7E*r*£B i < tt-^rt 

tl^. SBT« % PZTiib«Ur»ffifi*s^3n 

Ta<D— §B£N b r«&T£ C <htc<fc 0 #ffifi£*i 
*SttSC£ fester**. iffiSBT^tt^>^ 

ior*fRfbL/c^<-f^tKftsnrt^. S BT 
^u-^a^ttttirrfejBflEStirus. 

[0 0 0 9 ] PZTl^MODS, U— !fT^U-i/a 
-/*>tf-A^y>"5F ^ffi. I^CVD^. MOCV 
Dffi s U-ifCVDffi^ri'r^ Stir 1^*5, Ferroe 
lectric R AMSJSi LrttvOuyjI/ffi* ^^?«j£3^ 
5rffi-Ctt*«±(CiBRIS«bLft:^ 
P7'X*M hPZTH*JBJflEr4/ctotctt»5 0 O'CW 

40 r$A(cSfi^63KA. S*'*9*T*. fe^bjSSr 
fiJSIWi>^BIS'Cft&. il^iPb*SUiiPbO<D^ 

«*c*&— ec Jflffi» itlMt s c i tttt u l Sis 
fl9SSCC»— y v hlcifil»*lj|JtOPZTBi3&sjKj5JcPltBr 

^^> e /c/cussccfei^r fc^'^x^^^tD^^v. x 
50 ^JKB^ttQ-f>-r< , MM. nz'*v*<Dtem*&MT 



^D«4PZ T?Sg|«i*JR«:fl9l^cFerrx)electric R 

AMCDmx'mwtrz. h7>^^^Mf^7'ut^ 

iUT 1 5 OnmJKDP tli^DC^^ hP>^^* 
? *ccj:9}&*-r4. P t »BWbI«£ffi»tt#ft#-CW: 
g^iiUTTi (2 0nm) SrPtJSWW 
Cca«X^9 jr-cjBjSE-r*. Tifi««LBcPZT 

©•fe7 5 ^pzTdr-y^ rc^lt 1. 0-1. 5 

2. OPa<DH^tEH"CfiSijgO/to ttSaWDX*? * 
B$HT2 5 0 — 3 0 0 nm<Dmm<DPZT7*:JiyrX 

ZTKJ, RTA (Rapid Thermal Anneal ) V D -fe J: 

pJffe-C*S^ RTA©W-v;l/;iya 9 h3W/h3 
<T*W5> ««£PZT»D«;tt. JRJS*»A*C£ 

3&«t#. mmGW-mimzmisxx,**. ±tc x pztcd 

ttJMbtettWli LT}«WWO^-/a £ 

CCOtB«^B B ^bcD^iIS^/h^< 0 Z 
r/T i tk#*#l>t»^tc^053ftgl\, ^VP^07 
*I#S&— *8<t UT-r£/cJ£-&K«#ffiS*V]\$ < &£7c 
Wta<, PZTH(D««tttcfc§B«*Sl3f-J-^Jfi814*s 
*8IMbLfcPZT»K:«ILT. S6*cJb6I«ffiT 
»4Pt||*DCv^ hP>^^7 ^CCcfcOJf^LT 
**^S/*«B6*JBJiSr*. * + ^S/*^far->tt, R 
1 E (Reactive Ion Etchinq^^^flH^T. A r tftit 
&m3h<D ^*TX^>^f t >»lffl' * * - > *?BfiE 
lT£ 0 «fii©ffi»14«rfiI±$1±*/c«)CC6 0 0-C-CH 

U/cPZTi«, Pb,.,,.,.,, La 0 . os (Zr 0> , T 
io.e > O, *^?*»«>;*-rC**« 
:*£#XH£^*SC<hfc:J;9Pbfi£l 0%«rtcD$E 
it^ht^ C<0PbS6Cj:»?«Ftt^ffli-rs o ^ 
b/c 100-3 0 On mSOtiWfflttOP Z TJBKDUM 

»tttt. pzTBiffi^, a*ffl«is©^bcccfc9, y-* 
m&mi**i.>tj:£mmi>§&§L?z. pztm 

^t*<&-5. PZT, P IMCOR I ET«-Y^>CCJ: 0 

[001 1 ] :/;uyjl/ffi*MODffitt£<D*Sa 
(CSDS) TJBJsSr&PZTjflcB^a-b^Ttt. J£tf4 
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B$^JKJ£te*p6 Pb, T i , Zr ti£<DP Z TJH*^tc: 
JR<D^f4**raBRrS. PbT»3»BM3*«». z 
r Ittev^i/^-^Ar F7 7 4 P^>F, T i tctt** 

tc2^ h+^x5?y-«tfflUt^0. 2MGD?g?g£ 

«:«fcorM-0-M©3R«#a83&s^brS. CtDBtciD 
*.fc*<ML SJ£B#H («#H*H) • pH, fflK, igjg 

fc«>* PZT-^tf h»j£6C*SSfbl/fci*teiElaJ 

it. aiificDttw, ara*«tt. y-**», ig^tt 

a^^tTS. MOD&T'fc|o]1£T&& tl Pb, Z 

©**^u>*ffli^r p ZT©MODMfe«-ri)o 

Jfebt, 7^7 7 ^ttiOPZTIi^^ B MODS 

trttnt4*sc, h, o**<dtp«jgT*s/ctoii*afb 
stus^mij^bx^^ 

feBfbtt * ^ » * t EMStt RTA 

♦B#»e>*i*. C(Di:5W^fflU/cPZTI«g 
30 aa*si00-jRl00nmWN$<. X^^TJ&lg 

£*B^#£<,>. — MOCVDSW0PZT, SB 

«!*«JSS"r S7U*r B i , Sr. B a &artt3R«EO* 
^ V - 7s WM1$ K^tc «>CC * fijffi O /cT^a & 

TttCUt«ci^c«>HKS*s«anr*. In-si tut' 

tta<btfc«*wa^p*^rtt^««fio«w 
tt*s»bT*. 

[00 12] 
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MT^< COP (Capacitor On Pluq)}8@#^A btlX 

^i'^SI^^^o cn£[s]i#T£/£tf>Cc\ T i A 1 
N. TiN. TaS i Ntet'(D^*)7m<DT&J&. I rO 
2 , I r, RuOj , RuKZOmmmtt'&frhtiT 

(Dmtmicte^xmm&m, smmttrnztegkitTzx 

<D{&ffi*mft±LX#-7is>7'V-tX&mmLtc*r*J* 

mr^u^^x^mtmtmm&m. &mnfcm&m 
* <o ^ x ^ jgfiE u r sattsu* u < set t s -t± h n 

[0013] — Ferroelectric RAM^$6M 

gw^/c^i v^^v>xz$4 7'ommm.&***) 

hm&&M*to*>*iX S<te h 5 h 
03ftJWSfSW*3*in»&3W, s i 4<D»®K:Hffr&l?ffi 

fcrtp-D*:. £/t> PZT^ri'co«f4T^iS i 0 2 JbrJS 
tc cfc 0 UtelfHWJftsS 2 ^ > a -T JWc P b 3 

nscitf/swiD, l/c#oT, ^o±tcpz 

T3&SS6fl<bL/ai^casOT*S. PZT*CDT i fi«ri»ttl 

asiifbfcffiit'r&c ttpitirr***. c©»^as« 

TIT r £ ^'^Ferroelectric R A MffH(C»8ISr 

lfi»lli*c»fl|U/c»6*C*>|Sjar*4. ZrO, , Hf 
O, % -eoDfl&Z r S i o 3 «r4*©S/y^- m*^- h 
«4 0T«fflT*IBtCtt. S i 4©»ffi©^BJBJlH!MF 
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[00141SE*. *>'JP^^-Ai©7^7^ 
tf> D R A M<D * + * fl|<Z> j: ^ tcffil»««CC *)/c o 

{b3-&yfci>aj^<hs#/c<sc i »«s»3&s??a£r ^ 

Py ? f«ffii^-0©^ v?:icmmT2> S OC (Syste 

^ d -b x x-ttUT ztcMc&yuizx <oms& 

tfiMt>tlZ> m Ferroelectric RAM£Pt/? ^i^tS 
20 ^rilftp-rtll^fpJtg-r*^^, Ferroelectric RAMffi© 

Ci, Ferroelectric R A M4#W<ZXK — i^^CJ-fe^ 

&WM*m!&*?2>Z£\ t XMLlK $6CC, Ferroe 
lectric RAMCC^ffl-r^PZT. SBT^^i 

Kitta^bLTJBflfS-StWiBL/cct^tCS i O, ftif 

|feH^« % c © J: 5 ^*«(c i t) ft s^/cfcor* 0 , T 

COO 1 5] 

ffl^ty- hBtfbKft<h*G>S i 0 2 tt»K*4t*tt^y 
«»Bt*teS<b L/c 1 F7 ^ Z -4 7'<D¥-m\*M * 
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^zsy'zm^&mmtmzt&gkitrzicitgL. y^y 
ts^^i/y'ommzkft (&Amt>, ^;vxBm $ckm 

±icBf$ l 2 ntcm i ommmitciM&&£tiicmmy'- : 7 # 
m^mmy'^^^mMmcmm^titcT^m. c 
<DT%mm±ic m& s ft. R^tz^t £ ft^mmitm 

zm2 <D$&mm <t £ jm u m^m i ommm t mi b$& 
mm&m t <omnm^^m^ fttcmt^mmwm^ 

ZftZmJ*>7tmt^V ^lst(DiR^m®&3 Onm 

\&Tx&httzmmti,x^z> 0 mnmmy'^ vim 
tc¥mtem*±m^wcmmztiz>'j>*< 1 4> i m<or 

#t m&Tmmmt (omitted v rmmm 

5 0nmJiLL 1 5 0 n mJ£Tr\ $6^$U<tt 5 
Onm-1 OOnm^CLT^l^ mitt%m^fcm*> 

[0016] ^^HJCD^zg^MCDM^a^, fjfB® 

K> jsjh tr *> xfi £ jus l, r i c <t * nm t o r i> 

JBfiSr SXBi , mar*;!/? 7 *WB©«8t«ttfli± 
* * * Big L < l*BrS©ffi»**J ^TIBST 
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IBiE3lc v X £ lT77r>a7> ^'^iulBT A- 7 
ZrO, ;HfO,,Ta, O l( TiO, *6 

10 ii«n/tw»^6&sy-h»i»jR*jBja-rsxst, 

ley- H6i»«©ttEy- h«ffi*sjBj5Ssn^y- h« 

^c^TiB^T^x^ii, mzmyt^xvtftitxy^v 
*s*5>y%mnz#- bimm^mmuxmuy-hm 

20 &i,cftioft&y ^ v*s^^i/y'M$tite. TIB^ 

( i ) v (2) a«fefticfieor?Tton*j:5ccLTfe* 

E^- (T/l 0) +55 - • • (1 ) 
I = a * E/t > 1 5 0 0- • - <2) 
E (J /cm 2 ) te. Xe777 v'-^ ^ >^"(7)[±1^ <n 

^^;V¥-M^a^^0. 4, J50W3»*0. 5ib 

f|:bU I (A) tt t 77r>a7>^«Stt*$ 

30 ^>U, r <ms e c) {i, U*)\sXW3fi$$M<0 

mmstmm.) (ammn) zmtii,. t ro r 

a^7 0t^ e 
[0017] 

[»iBo*«sojt5«] mwzm%Lx&w<mi& 

<DmmZ&W?Z>. ISlRO'IlI2^#^LT^l 
<D^JfeW?:8tt?B-rS. COHS6Fir«PZTJR€ffll^c 
3$R*(t^ J t»; (Ferroelectric RAM) ^l^TlftOJ 

40 ^'^^^ffiSn/c^y3>^flc«ffi©KffiH 4 ^2 
tt. ^»SSSE*»«-r*XS7n-H-c*4. ^T, 

■fe^CCcfcO F7>'^^T r 1 . Tr2^rf^0^CM 
OS«JS*JBJST* ((D) • CVD^tCcfcDh^ 
>^^^^I^^rPSG(Phospho-Silicate Class). BP 
S G (Born-cbped Phospho Silicate Class) ^(DttQfr 
%Zs:&mMiB2X'&WL. CMP (Chemical Mechanical 
Polishing) *J8l»raffi*¥ifrlb*" Z (0) « *<D± 
tCCVDffiCCj:^, 2/y3>Ht8 (S i N) 3*JKaE 

50 u (g» , cft^rmmfotrz. cmt^i 
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» 1 1 t©«««r*>i/^'f-> (W) ^8flt/'j3 
(©) . C(DHS6WTtt. ^ y©JBJ3cW\ -Jv^f? 

hcvDSiCMPi^r^ awe. ttcn^cD^ 

^Cil: PA±-T SBfi^'J7B5* fl^T £ 10 
(©) . AyTJf 5fc«T i A 1 N (Ti/Al=0. 
9/0. 1 (-=t;i/Jt) ) J13OTS5 0 nmt 

u>k*j*vzmuL&*)mf8rtrz> <<5» . ru», pzt 20 

l^^O^xr© F 7 >fx ^ ^|ft^ C <!: . Pt 

OMWfl&h. i±mt£-*T\ZP t, Ir, I rO, ft 

[0018] JI2#J5 0 nm^RuWUcg 

^^i^TP Z TI 7 (©) . C 30 

teP bt^: 1 0^U%*ijg^< UcPZTt7H * 

La D .osZr 0 .4 Tio. 6 0 3 "C^>^ 0 PZHr 7 $7 

P b O^S-Wr*^ * ar^gC «3 JH*©P b M<DlXa* s 40 

«MCft]x.T*a. Zr, Ti x Latt£<D7cjRW£-y 

fiSO«i:b©*><D«:ffl^tl«<tl>. S»«#14^PZTfll7 
CDiffifiSfc i'T^SJE^l^CCWT^U^ 7XPZT17 

J&fbT* P Z TJ3M7 CDflfjg • «SW$tt£»fiT£fc«>tC 
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nm, * h£JBl>T 1 2 > <7>fe 5 S 

*PZT*-y* Hc*tL 1 . 0-1. 5kWW? 
*£*t5. IdAR&Q. 5-2. 0Pa"CArtci^^ 

2 0 %«A L/cMf 15-30 # , BS2-5 

«&S 3 EORu±ecttA r^^^tffllt^EO. 
5-2. OP a, 1. 0-1. 5 kW<Dmt)~embftffi 
RF?^ hP>^f $fc&h7*:)\,y 7^PZTI 
7<Dj&f&ift 3 ?. mm** 1 0 0-1 50 nmt^, 

K»tettPZTK-CW:fc< . MJ12-5 niDfiSO 
»t»TiB, ZrR Nb£ T alRfc^fl&Bl/Cfe 

[0019] PZTm<Dmj£mt<C5-yv hftffiGxK 
!8, fiS, 5^ + >^-F"3^£— SctT*/c#>ttlB5|ffl 
oy'isZ^v $zmcx;*y Z^ftXft 1 !,, PbMRV 

M^ti/cRullS&f:7^7 7^PZT^ffl|$n/c 
7>7^SfUTP ZTg7 fct&JMfc 
<<B>) o 7^ ->->^^>7*« v Xeij'X^Al 
tc&<D& 1 m s e c Ig^^n^TO^rin^^ 
£. PZTR(D3e^t^ffiii$#-5aW^>i;a>->x 

3 5 0 - 4 5 0 •ac{£^T&£ c X e "7>:7"©fifcfcBx* 
Jl^-iZ. 25J/cid 1 "C^)5 0 C<Dx^JU¥-»lf 

TOx^;l/^^JB|CDieS j fbtcaF-^LT^«2) fc©i*iL 

It® £ S W & C i -C^fSB^ x * ;l/ <DJ£» £P;5 jJb 

T^lras ec«l ±gBi^;l/¥-*R«a-f-r*Ci 

(aopzTi7^ B H H ^o f#e>*afc«*x«g»r 
(ioo) ffla>&©#»tc«i>KW#f#&ftfc. 

iS<0«SiRilS*"C«, 0. 5//mSUTCDPZ™^R 

[0 0 2 0] ^CCC, teflffc3ftfcPZT]R7±K:±SMI 
i8T^^,RuI^:DC7^ hP>XA'. ; *?\<C&*)1& 
Uur^ + /^^MW§ (©) . ±SP^&/>?^ 

*3e*«Rl©^ffiK:JKfllStlfeRuJil*R I 
<Dm&±*fa±.Z-&Z>?c#>lZZ 5 0 C C. 25R4»3 0»© 

A. 2. 5 VHWJDBttcfl«S2 P r (1St7Ix2) t 
^33 0 /iC/cm 2 ^tSU, 8-0^(^2 0. 32 c 

Sr«PZT8t**Ci^ofc. Ia^EE^O. 6 
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veK<fc{RiHB**»&*ifc. z<Dim<Dmmmzmm 

«JW*ttfffflitt5 0/imX5 0tfin©BaK:ffi 
^TS7WrS¥flfiUfc<bC*>. 1 O w tM^£T'# 

fisa©^fc^a<. y-^m^t 3 vEnfinB$-ci o-'a 

/cm 3 *-y-<hffil*ffi"C*o/c. **^>£<D±2!5 

«3*aar&. w«iio©aiii*Tffl<tLT*©«iB 

T. ^CD*^C^>^'Xf*> (W) tx£<D7'zr#l 0£*I 

t&m&fttcmmTz. a i^cu&£©:&re»i 2 

* * *> e> ©bq»©5 i # a l o x&mm»j* * y 
<fc a*&iMb -fe x r tsw:^ ©«»w-c* y 

TJSBI5»CCfiSSR*sffl:*. EJfcLfc*T-**fc< . LfcW-? 

(DltZPZ T§7 i^*^^4 £(OPB^C/NiT£^y TJ15 

&&C7)T*£>& 0 ^'JTStcli, TiN, T i A 1 N, T 
i S iN&i'^t^ia, TSU«figtC«, Ru, RuO 
, , I r, 1 r O, ttftfJSlifeti, l>-r*lfcI8ftte$t 30 

rs^ y r«Fi*cDiBi»t«*T2b^ 0 ceo;* v rttswwa 

IWtt. M<<tfe5 0nm»^ST*9. 1EIJ10 
0nmtl/<ttl50nmWJl/U. £>£9^<T£ 

[002 2 ]^, B3Ktfiai 0*#JHLT»2©JS 
JfeWSrSftirra. CCOSa6Wr«^JBi2S±tCPZT» 
J8*ffil>/c3£R«#* *'^£%^j£OfcFerroelectri 40 
c RAMIIlny? **BMJrr*. H3tt, PZTg^: 

>W*Trl, T r 2*ff«Pi^*MOS«Jfi*JBJ36T 

7 KW» 2 1 «Ctt3^l/h (C o ) t/y 

■fr-f F2 2**«U Ch*««ffl*>^f > (W) 

/TiNOffiM2 4WJIL. ^* 2 3 te:/^ > 
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^^iOHCC«?«CDJBPJ^»R2 6 (2 6 a- 2 6 
( A 1 ) & i*O^Bia»2 5 ( 2 5 a - 2 5 d ) Hmtt 

stirns. coa i ^Hiai8 2 5» % ^>^^v 

J: 5 &^S£K«:^L^JirdlttlNR 2 6 ±«C?ftBWH» 

[0 0 2 3 ] 1 rTm«2 7**'S?»tt(cj: 

ffl-r*i|fffiSP»CC ] rO a *>6fc*ig*i£Btfb«![li# 
®SSS*i, PZT<DJS»1*14 <»«SK*ISf5aWcl» 
©^ffiSOSefba^R) #ft_bT3 0 I rte, C<D3IStt 
»{b«Jl rO, SJBflE-raci. PZTiCDJSJEtCcfcS 
tIEtttfe#iJ>ttl»C i , fb^WtcSS"C*«5 C <b 

Pt, Ru, RuO, , 1 r0 2 ti£<om 
£fcnJ«g-C*S. T8WB2 7 <L3KlrW 
KffiRSti&W^^ 3 40>BI«Ctt % Wttf. Ti/ 
T i Nft£<D'<y7J|3 2£;fofiE$i±<5) 0 T£[5mS2 7 
<hLtf^l0Onm(DI rMMUcttC^^'^ 
ft^T7^7 7 ^PZTI2 8 *C<OTSB«fi2 

^*6"r*tc*/c>3, PbM10%i^<L/cPZ 
». Pb 1 . 1 .La llQ> Zr,., Ti„. 6 0 3 *C#> P 

PbjBO^«*safeCSt^ h*©iS^JPb«, 
*©^M*M«r&fc«>«:fllAr*S. Zr, Ti, L 
a ft ZCDytmiX Z-Vv h »0b <fc ««H D«"CBtCBX 0 
iA^n^/c^, atfajffi(DdW:b<Dt©«:ffllr^n«J:l>. 
«a«Ftt*« P z TWDttdttt «7SS«c»^«: ttr 

*sa{b"rspzTH<D«je-"«»«Ftt«:» 

M**S9niLfcA r *©^^ 9 ^ y>y«:J: 0 P ZT-> 

-k»*»isw*. XA-^^mi, j-y^h-is 

HiEiBb&5 6 Omni, EHE*©^^* » h^ffll^T, 12 
Jls^O'te'y 5v^PZT^-y? FtC^L 1 . 0- 
1. 5kWW?^^7 0. ^'^EEtt, 0. 5-2. 
OPatAr 2 0 K»ALfcfcftT 15-30 

WMPLT, 2-5nmW30PZT7tJl/7 7 Xi/ 
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mOXrtZEEO. 5-2. OPa, 1. 0—1. 5kW 

1 0 0 - 1 5 0 n mr*^. v- KItCiJ P Z TI 
Ttefr<, 2 — 5nmfiS©»t*Tiflt, Zrl, Nb 
JR. TaHttiT*fl6fflci#reittr**. PZT^Mbu 

^#Tif o?c 0 p b «ao^iMba©«js • mM^tt 
«, co^i/xn'? ^tc<toA# <mtcx L£ 5 e 10 

[0 0241 XK:. ^'J7i3 2^lTW77^2 3 
±teff$j&3ft/c I rli2 7 ttT^:? 7 XPZTM 2 

TR2 8 0«S<fb£*T5. 77r>a7>^». Xe# 

X£f*At,/c4>CD£ 1 m s e cm&fr*ti&TF<DimK 
KttlStitor*^ PZTK<D»S{t£ffii!3-e 

«:J:t)SlEiaK€:3 5 0 — 4 0 OXtCffior*^. Xe 
^^^Ottffix*^*-^ 2 3J/cm 2 c 

# % 7>^ilfii©SStt2 OmmrtifiOt, SIR 
tt*»filTOi * - b k:*-^ l r c * -5 

7^ 0. 8 m s e c CDB$Wh JhlfiCDx 

6, ^n^rxttJ hf9<D ( 1 0 0 ) m&io<Dft1?;lC3&l> 30 
KS««§6*ift:. a«B»fi©SaStt*"Ctt, 0. bum 

PZTJSSH2 8±&t_hSf5H^2 I rl^DC 

[0 0 2 5] ±Si5mS2 9 tt, 8ffi^ffitcJgJiJc$n^: I 

mKV<DtZrVi<'Zffi£X~m'<tc££*>. 2. 5VEP 
UpB$CC7>ffim2Pr (aa»«X2)r«3 0tfC/c 
m 2 8 -J^rtsV =3>^^cD;£ra«5tfIg<D 

#Sfi <t Jn«f*«: fcoPZWIien/cCi 3&s tosEP o 

0 ,l iM^£T#@ffi<DS{t#&< . 'J-^m&^3 
VEnJjQB$Tl O-'A/cm 1 #~ iffiUfiTC&o 50 
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(dlskwd^^^i^. -ra*>%, **>rv>* 
c*aar&->y =j>mt«a£(DiKMtK3 occn>^ 

^C^P6©ie»3 lCD?l#lHL«r1f^. 77?^7> 
J: £ ifellf b ^ D -fe X T tt* + ' ^> * T95<£>^ jgBgj^ 

£>a nag, cuE«, nnttttuRo^semstHts 

TSMcKHSttfcA llB(l*m"r^*KliiaT*S. n 

(PZTi) acrF»*a (pid cDTttge^sn, 
Sfetijjg (Sio 2 ) tcttasnrcA i Etta. 

[0 02 6] H4*#MLT*3©3ligW*KBJi 
C(DHtS^|-C«, SiO, rKfbJSJbfcPZ 
T»B£jeJ5Jc0fc:l T r ^<£> Ferroelectric RAM^ 

(MF I S : Metal-Ferroelectric-Insulater-Semicond 
uctor ) (DWimm&fF'To El 4 (a) ICTjk? <fc 5 

tc 4 P a^«;j>*»»ifi4 occa^cuz^tcfco 

ji*Mos*ja*»flt-r*. cc-cy- hK^bBi3 3tc 

ttil»(DS i O, C<Dy- r»fbfl!3 3(D± 

r P Z TR3 4 £ 

SISJMbrtty- h BMbMi P z TM£#fas&f*blI 

Ttt 7 ^ ? u » ^ > "7*Cc;J: «>» flrfb*f t 5 . x ^* ? Z ft 

^ffitSffltS. -clt, PbS£10%*Mg 

^< UPZTt7 ^ v9 9->fv h*«flrr*. 
y» hOfflfiSW. P b 1>J9 La Q .o S Z r 0 .* Ti 0<i 0 
3 -C£>£ 0 PZT-127 ^ ^ ^^-^5 httlBKOlS^fe 

3>*3H*StR4 O^^CDPbCD^^H^^'^ 

R*©Pbfi(0^»3&^i;Sli. hcpo 

ia*JPbtt^ti*a«-r*/ctoccaiAT*s. zr, t 

IRK:ffifP3i**ia/c«>, MtfffliScDMibO^O^ffic^n 
tfJ:t». UIUBIWP Z T»I«ft4'W$3E fti* 
«CBT*^7 t X P Z TB<Z>±SPCC^- FIB**-r*. 
«Atf, tSAf br « P Z Tmolt^ • WRWtt*?«S1- 

CCA r^SAlfcSia-C^^^iilil, *©a<CBJ 
^£?£flOL/cA r*^^^ ^CCj:JQPZT->- FJi*JB 
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^6 0 mm, IeJIs^CDv^*^ 9 h£flH\ 12-Y>?-<D 
•te^S ^PZT^-y^ htcStLl. 0-1. 5kW 
•C^^!? *«:tf 5. #XEIS0. 5-2. OPaTAr 
«I?:20%iAb/cMtl 5-3 08B)SWir 
BS2-5 nmKSOPZTT^T^- F»«BjK 
TT£ 0 T*©Rui(CttA r^O»*«»Ut^E 
0. 5 — 2. 0Pa % 1. 0-1. 5kWCDm^r^j5 

TJBBKj£*?t5. fOKUttl 0 0- 1 5 0 nmt$) 10 
£0 i/- FItCttPZT«rwa<. Ht/12-5 nrafl 
fi<D»l»Ti«, Zrl, NbR ( T a StCc <h*4«B 1/ 

r^<tii 0 pzTjffiBtifrtc^-y-^ h*ffi©«ss. s 

ar«|QD^^9 **frCff -afc. PbM^B 

U/cfc<D£ 1 m s e c SK^nJaTO^BSPJJictt^S 
#<2>fc<E>T£>£ D PZTJRc3Djeaffc«rffiJiS-a:-SaW"C 

^>j3>^x ^TSflK: JB« L/C-" D >r*> ^ > J: 0 S 20 
«SK*3 5 0— 4 0 0'Ctc«-sT*£. Xe7>7'© 
ftfflx^;l/+--»2 3 J/ce' C^x^W 

^^«T<dx * ^ * - tfJKOtt IM b &c Ltt^fc 

l«Ci T^BP-^cDtc x * CD&ffc * Kit 

ij^Mtr^^c 7^ vt/a^^tt, lmsec© 

Tj*M»iMt*-s. »&ti/cH*xi»iDiBftc-ciBa«a 30 
%H^ytic5, ^n^x*^ hta<D (100) 1^6 

0. 5 (£id1HT©PZTI4WS i O, iCCj&SSi-i 

[0028JXIC, ttJMbS*iteP2TH3 4JLKJLW 
1S3 5t*-2>PtMDCv^ ho>7/<? £Cc«fc 

frJ. S^MtC«IS$ti/cP tMR I ESrfflO, A 

±3#&/ttf>K:4 5 0U fiSRcp. JK)3 0#(D7x-jU 
T\ il^OLS I ffSf^O-fe^tCckO A l iW^^C 

q - friJjnmiE v co t * f- y ^tt tc r a ^ tc t c 5 . 

V6Dy^rV5^> F9:MMS3*l. 8 
fcoPZTIt*SC<hW^/c B £/t, y-h§p# 

^ts^u/cic^, PZTBSis i o a iof?®-cy- 

hBMblK (S i O, ) CDHS«^2 0nroJaTi«lUCfe 50 
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T. 2 0nm«r48A4/»Sk:'r4si»*i&C». C?J*«, 
Pbi (OROM *W < & 5 t GOO*** # < * o r y- h 
i£{b]il£>S i O, *s*8*«S«l3*i*CiK:tt4. 
[ o 02 9 ] c©*«»y*ytt. y-htcm^^^ 

£22*i& (04 (b) ) o jMK, y- Hc^*;*©,* 

i>m&%wm?2>±&mmm*m$iicftm u + *jhc 
^^««*«»itas4T.a (H4 (c) ) . coia£, s 
^^djkj^^-c %>z>iphm4 < b ) o«as-c«ss*iife 

g}4 (c) ©ttss"c««ac3&si£ntti> Q ccD«t^cc 
LT*ai#-rf*yttittf¥*SDjfig-c*s. *^s:« t mf 

i O, , C a F 2 % MgA ] 2 0 4 % C e 0, 

(ommm^^LtcUF i swt, s i o, y-FKftai 

<» SBT, S B T N v Bi 4 Ti 3 STN^i' 

[0030] ^tc. msjb^mu&tfm 1 1 
»4®«»«*«ii3r5. t:©sos«-cttSi#?ett* + 

^<^^«JBt\ PZT«i?:WtS»R«»^*'J^» 
->'jr3>^^^®5 O^cil^^n-fe^JcJ:^ h 

(iWdiaa-rai^M:, psg. bpsg^^o^ii 

4 1 J&CVD*CJ;f]»J5JcL. CMP^ffl^T^©SM 

^iiib-r^o ^©±tccvDftecT->y=i>abJi (s 

(V-VFU-f>*«) iOl^WWS B B B y'j3 

^■J7H4 3*ff$JflEra. r»4 31C«T i A ] N 
(Ti/Al=0. 9/0. 1 (^tb) ) *mi>Z>c 
^<y7H4 3©/»S»D85 0nm-C*S. TSP^STCQ 

±fficc^y7»?:jB«fra£2«»<c< . r/^y*y-fe* 
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^4 2<!:C[>Jg8feffitCCa)^ , J7H4 3«:flcja[T*. ><'J 

*c*<D±K: T E 0 S ft £©»f4*fiK»fcC V D&teJ: 5 
S i 0, &IM4 8 MftJR4 8©/? £1*5 

M<hLTte:3 0 f C*Ig-C#>£ 0 L/c^ot, PZTI 10 
*«e«Lfc«^r{RK8S$MM;*l OmC/cid 1 <t 
T^iO. 5X0. 5/im<WI*t^>$"C25fC 

MS^in^>fc^tc^s^3feift^> 0 liberal 

-fX*s*n«c*i«Sti4. JXCc. «HH4 8tc. G33S© 
**^2/5r«r«eH-*yfc*«C, S i O z t§UKIR4 8«R 

i EccfcOx^^v^b-cjSffitc^^y 7»4 3 3watar 

^EaSP^JStr^. R I E«cffl^5x * ?->^^«Ctt 20 

CF, tt^DD^-^^^ffltS. 
[0 0 3 1 ] ^'J714 3*»J«Lfc±0DGfl»K: 

x^»aiffi«cj:0T««S4 5*sai-r*. ckdbl * 

«-C*J« S n £ * * ^ > * "CttlHlSBCD 7 X ^ * h tbsW 1 
T8Pm=BS4 5tcttRu^"rS. Rute. P 

o, frbte&mm&Mimmmmzti. pzt <om?s 30 

ftJbf*. Ruit C^lttMRuO, *#JS* 

Ci, Pt^I r ft i'©*#JS i J:b«U"Ct**4»3^flB 
ftt<hft^<D^m#&&o J?^50nra©RuIW 
j£L?d£fc:* * *W,j$rtr%> c<ommc x^vt, h £ 
l>n, CMPlcJ:0DaSPrtW(D*«:T8P«ffi4 5«:»r 

±sbs« £Ta«ffi#* + ^ £ ox v ^8b#-c@»t 

>>X hijpJfflUrx^^^^CCcfcOCMP^JBSPJiOT 
<h ft £ <fc 5 tcJjnXT -5 o * + ^ 1/ * «^Og|5»6c?gac 3 
n/cRuttTlftOBMkJR*^ h y^tUTCMPSn 
^t^->^±I^6Uv^ hT'Ibntt^liRu 
x * Y=y4h i^ii^x ? h "Cx * ^> 

[0 0 3 2 ] Tmm&4 5 £JJDXL?c±£[U£*^ 

^^ft%ffl^rpzT«4 6«»jssT4. zvmmz 

tt, Wfctf, RFvn hP>^-; ^ffi^rffll^, C 
CTttPbK 1 0%tm&< U/cPZT-b^S 50 
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->fvY*ffi%?Z>. $~?K>Y<mm*. Pb lll0 L 
a 0 . oj Zr Dl , Ti 0 . * Oj "C£>£ c PZTt7^^ 

bit. &&<D&i,*b<Dtfi*s* 

/c^tc v y n >3ug#a«a> p b © 

SJ^^H 7, j* y $ tfi$a C 9 m*P<D P b m<Dxm&& O B 
Ik *->fv h*CDa#JPbtt*ti*»«-r&/ca?>tclHl 
Zr, Ti, Laft<b'cD7t:^«^-y ? hffl 

Ofc©*ffll>5Ctm4. «««14#PZTJ8<Dt& 

L. *©±CCPZT«€:j5S8rr«S. ^fd'fttttt*- 
y ^ h - SCHEm** 6 0mm, MtK&O*? y h £ 
fflC>T, 1 2-Y>2 L <D-fe^S ^PZT^-y^ hfrC>Pt 
LI. 0-1. 5kWW^^^ 0 #XJEte. 
0. 5-2. 0PatAr-Cft5^RFvnhP> 
!v Z^'ii*). mmi* 1 00-1 5 0nmt^^ P 

»«ttrlT5. PbSRo'*S B B ^l:fa^^- % 
c©^Lx^^f«cj:o**<»bLrLa 

5„ X e ^ 7 r>a 7 ^^fUTi^^t^P ^ 
^^^hffl*8B B ^t/c. 77r>a7>7^Xe^' 
X^rSAL/c^CD^ 1 ms e c lfS^^nJWTcD*aB$PBl 

WlctOSStag^S 5 0 — 4 0 0 c CCCgoT£>£ o Xe 
5>^<D3ftfflx^jl/=^-«2 3 J/cm 2 CO 

3l|BW*»«TOx*^^-^l«®B H VtK:SF*L 

LTl^, 77r>a7>7liliDsecWI ( ±IB 
CDx^;b4 r --Ci^1L, CtitCcfc9PZTI«3&5«iMb-r 

5, -??,t3 4 h ffiO ( 1 0 0 ) ffl*>6^P»tC5!ri» 
S«3&s»6ti3ffc. C<D«tffl«ift*ia«:gtr. flUffi«fio[) 
«WE8*Ttt, 0. 5uma6lT©PZTttWjasS3 

[0 03 3 ] */c, S6Kl^-f J^Ct, PZTtSiO 

2 m^ost^si^ (a) YfeKsarassttfc, ra^ft 

i'tciiJBtt^bs&SHSSna^oA:. H6tt, 

B8±3n*. P Z T«69 * ^4ffiic»3 ttl^lCtt 
C OSPtT ^ + £t^©SP^(D PZTJIi^CMPCC 
J:9fifc£T£o CCDX^I (PZTMCDCMPJ521 
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±IZ±.U9M 4 7 T*> h R u M£ D C ~7 75- V o 

•v fE£vmf&Lx*+Jizsfm&zim-rb. Rum 

*J*?-->?'1,-X±&mm4 7ZMf£-t CM 
RIESrfflWt. BEX. g^^+t'Xvf^ 
Z TI<0ffl2«|IT'±OTf £ JULi" & £ P Z T * -v 
t <0«*tt. ?£ B B B 01hlrt4£ ftLhS-e* 5 o o-c 

^■riatBsm^s-wi. &f^ix£®?g:Q-EPitrai 

£ JHI Lite . *»4*eWfif IS 50MmX50Mm« 

-4 7 ;U £ T^-ttftOSIMt*** < . V - 9 «SE t> 5 V Epjp 
^T*10-«A/cm ! M&VMfiT'fc-aJte. 

[0034] £«95li6tMi, ;v*«y *tt(cJ: OAtfr^-v 
^S^fc»J*L:fc i^^v^TX^h 
Jt<0*&-&teliM OCVD^L SMCD^r fcVXfrffiSrSUS 

LXi>±\>\ S:te. 777ya5V7ty'j3^if* 

fttzmm-t&z t x-v *^<o-*&& 
<Dx-miMt-?&zti> i simx'h&. mm. va^i 
v ^x tesmwm £ aimiz r^y?* ^t&iMC 
■th-^.^im-th^-mwmw.commmxibb. ^y^ 
y^f*a«±K^y 3^s$-fii)K (s i o 2 ) <H7 

(a) ) tL<(if«^5£L. -?-£7)±(crt^7T 

(E17 (b) ) ^Tt^rXPZTKfc^^-CS 
HL 07 (c) ) . Cl<0*3B-Ci<Olliteff!lOJ:dtC7 

pztkjwi&ihm-*. »>x^N<?wffla5=ar4rcpzTfflt 

£i£ B B B -ffc-f & ifOttOIg-W -yf-y^t: J: 9»*t 
& r i: *«ffl!8!flrfcftC^ D^nv^i OPHHtfitJB 
v\ Mitt'. PZTBt^aA-fttilRfc^x^vi^B 

#5rs? xd^^^m^mm-tb 07 <b)#ga) 

t<OSEgtS-/h$<-ti>^rft. ^XTkiffiSLxm-W 

[0035] * . ^offetfDjBffl i lt . y- hg&itot 



ixx^hv. **it><7>mv>mw&zmuz-£i>tziibiz- 
mzx K>mf$.-thz t if*smx-hz>. . ^ y n 

>%t'<D¥mt*mWL±lZZ r S i Os Kct'<D : /V<?-h 
RUtt. SrTiOa ^(BaSr) TiOs Srfc'O^ 
uy'y.i}4 hm%n,fo. ZrOz . HfOa . Tas 0 

5 . Tio 2 %¥<?mmwimfAfrh%h j f- vmmm 
miy- h m&ssLkizy- h%.mzmj& l. 
io s?iey- h je^jicT) M ley- h mmwBf&z ti^ y- h 

®WMh(0&4HZT&?/fr?x 9 & B£ fc L < iiBfr^OSggl 

yyzmizy- vmgMizmi^xmz-y- vm&w 
-ytmmz'Mmwzmgkit-tb. *zx\ z<mmm 
<n <k 5 1 . ^;usptc 4 T-§M$«ttS! (pztd *^ 

?^E1L, i(^)ftSITPZT|fifc777yi5^ 

miLxmajmrnzfto mi d.hi i«. ss* 

20 77 7i'a5y71«l:J: O^^COif* 

SS^-O P Z TKIittJMbS ix. ^<^c7) P Z TJKttT 
^U^r^tHIRfc:**. fS^LPZTJKIi. %Mtzim 
fthW&mX'li3i v + ^rtmL^. LfrLT=t)\sy r 

4. -co J; dizmnmfomztegkit-t&k s i o 2 ^rt* 
30 t>mmz%&. 

[00 3 6) mz, EI8. 09. HI 2&1/B1 3^# 

if. a 1 2: n p z rmm* fflv ^aa»«^ *y 

^ffl^T54KfI#jKcO^ B B B ^^DiBJ-r-5.. 08ta. 9« 

m<om^& (7is* hmz) cc) *mbix^&. 

40 ^^*r^0a*CMOS«3ftSr»jfi-t4. 

^«WS:PSG. BPSG*ifOl6(*»*CVDak:-J: 

iCCVDSCJ: O^'J nyM-ftK (S i N) ZmtfL 

^^w?f •(rxyr iv—x/vwywA) t 

<?>&%it:9>?Xy-> (W) ^y^»j=?>^4 ) ^| ) 7- 
<. 7°7^'f0ffM^tJ7'7>-^-y hCVDftiCMPi 
50 Pt£»i8f4. ClcOPt^ld. DC7^4d>7A 
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tt, PtfiWrttRu. 1 r, Ru0 2 , 1 rO, &h 

i>tectitb<ommffi3k. sro, lsco. ybco& 

RuH PZT**^^*ffl««iUT«ffl-r4i|Jffi 
»#CcRuO, *>6«c4W«tt»t«JJB*sjBJ5JESti, P 
ZTO«»«tt <»SjSR*«0iiO/c«p<O»flM©se 
ffcSMfc) *JrtLh"T*. Rutt 4 C<0»«ttBtft«RuO 

[0 0 3 7 ] » r Yv KOiBffittPbt.nLao.MZr 
o., T i o.6 0 3 PZTt7 ^ * ZZ-fv V 

DSffiSJS©±#^*S^cJ:^^>^- F^ > F# 

» F*©5a*jPbii^^a^ffl«r*/c*ccijn^-c* 

* c Zr, Ti, Lafr^S*«*--5r* h 
SSfcW&tcttT*^ 7^PZ TjgcDJbSPtt^- FJ1 

t»ts. m«. e*fbTSPZT»&»3ft-*sv* 

»^BSR*j8SJnL/cA r^^^tCJ:*) PZTt'- F 30 

h-itrii 

«#6 0idiik @IE^©^* * F4ffll>"t\ 12-f> 
^©•fe7 5 **PZT*-£** FltfcfLl. 0-1. 5 
kWW^^T^. #;*EEtt0. 5 — 2. OPar 
A r 2 0 Ufc^ft-C 15-30 

UT2-5 nmI^0PZT7«7 7 ^i/- KJB*JB 
gtt^c TifcORuJitCtSA r^O^ttllt^ 
EE0. 5-2. OPa. 1. 0-1. 5kW0^t^ 

Z^mojtmzVi*} . r^^r^PZTJKOJWittl 40 
0 0-1 5 Onmr*^ F/gtCteP Z TUTCttft 
<, 2 — 5 nmfIKOrit»T i Zrl, Nbjg, T 
a«tt£*teflBLTfc«J:C>. P Z T^lgBiitC^-y » F 

n 1 bsh © y u * ^ ^ * £ m C A 7 5 3k ft r ? f 5 o P 

?*teJ;D;*#<^bT*o 

[0 0 3 8 ] Ai;7a€r/rUr^-7^±CC3B«c3n/cR 
!?^A3>^«:fi6SLTPZTjR©ttSft«:t75. 7 5 50 
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Xe^^Al/c^lrasec 
fiK^*ifeiT©5SB*Pa«:afiS^S. P Z TM<9*£J!, 

oy>7>7'6Cj:0S«Sg€:3 5 0-4 5 O'Ctcgo 
T$>£ e X e5>^©JSHii*;l/=t r -«2 5 J /cm 2 

fc©r*£>*s % HIStt*»JlilTOx*;l/^*$R(^a 
{ttCffi*LTl>*fc©±%Afcft*. ^8n StSSK 

4#ttHT&£ e HKTSSjhfcKSYn ISS<b«Ki*D«8 

#»JMb««T*5. ESY«\ Y=-0. 1X + 5 

CDJHWftfrtt. ( 1 ) . ( 2 ) 

E^- (T/l 0) + 5 5 • • - ( 1 ) 

\ ~ a • E/t>1 5 00 • • (2) 

CCtE (J/cm 2 ) (3:. Xe77r>a7>7'Otli 

oigx^w-i^Mafo. 4, swsswo. 5 

-C&&„ I (A) n 5>^fi^«aEffiT*^. r (m 
sec) ^;u^i|g (/N-j!/XSa«JB©*ffliJai£ 
U> . -T^^^, MWB*M-c*S. T CO tt, 7->^ 

[0039] 5 >^<omm tKtt\mazjx:mfo*&w z 

B ^bB^C7)#ffimtiK^SIt^-C^^ e ^lmse cCDB^ 
Tal, ±K©x*;^-£flg*tr£ C i tCcfc 0 P Z T^5 

ts b $ n 5 o ft h n /cR * x jg i§»f tc r s &m 

0 . 5 u m mXTO P Z T 14^*5 P t TSB««SJbKJgaE 

$tixi^ 0 yctc, «ft{b?n/cPZTjs±tc±ajaffi 

r^+^^*»Jt*f¥«-rS. ±«WStt, RuKR 

c»saB^*->^b-r«. ±sp^s<i:<DS^tt, i^B^g 

^tt^fpJ±$#^>/c^iC4 0 0-C, mm<P. 3 0^7 

ntc 0 Ml 2-%.vm\ 3«, ^ftStEiCDTEOSH 
tcJKfltSti/cK/ll 5 0nmOPZTi%77^a7 

>^r'*SB B B fb»JiU/c^ot^R^oifbMffi^ i/ttt» 

^$1x1^0 01 2cc^x. ^mwmmt, 

7 ^ ^ <fc 0 7^:^ P Z TJS«:fiS84 0 tc&im L 
(Flash), ^ttJSBtt. fi^*(DJ:^tc, 7^sr-> 
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j.7>?'mM£ftbtc^ffl (No flash) X'tb 

m$&*mi-&pzTi)mi&ztiz>. 01 *mft 

mMZ 4 0 0°C^jD^L^^i^-O7 y i/ sl y V7V>H8 

AX-teH&iMtztttz p z rmt^^ti (013 

(a) ) . ^^iD^JaJi^^^ftt^BT-ti^B^? 
ft^PZTJKtf^tlT^^ (Ell 3 (b) ) . 

[ o o4 o) mz. ^ftwizm^&tofmmgiwzmw 

iS^Jf-^^^*- 1 0 OSr^TU iOt^^-vi^- 1*135 

2. K^^^^A-r&^'^ADi 0 3. m% 

-thUtfUn 10 4. 3t$:^A-r^Jt^O±g|5^^^ 1 
0 5. WrA^mii^-ti>tz>!h(om^y>y'l 0 6.7 

77ya5y71 0 7*mZ-X^&. miky>7°l 0 6 
XA10 8cOTttI?ix. >)x;M0 8?rTMM 

— 777^7^107^, |B]«tC^^<3D 

y^y'X'hK). 1 5**^x^1 0 8<0_B::I£S£*U 
^x^i 0 8£Jt*^flDf&-f M5^7'(d. ^-fixt 

-en-eiT-^ffl^mi® 109. 110 iztzmztix v->& . 

)££*VT^-1>. ±IE7VT1 0 611 WDicDylsy'Xfo 

[004 1] SSUSSttSr^fiQ-ElBraffiEVOb^T- 
UiOlWttfcTWitfcfci*. 2. 5VEpJpB#(d^&a 
2Pr T'^SOwC/cm 2 Sr^U 

^OPZTIT'fcl.:i:* ! fhit. tfCUffitO. 6V 

U g^tlxfWi 5 0 ^ m X 5 0 MmOSSCffl 
*T W TRW Lfc 1 x l o^t-f^Mt* 

ffi*03tf fc^* < . 'J - ? TB8S fc 3 V EPJDB5T 1 0 - 8 A 
/cm 2 Jt—y— bi&^feX'fo^tz. ^-r'tisf ±ffl%, 

y a 5 >7tJ: hm^ityo-izxx-i^yyyt^>mm, 

[004 23 
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T. 777 vr^ffl^T5SBS«*»S:«MMb-t4 
- £ J: 0 * -W^Ttf tfMJtfcBWfttK ftBttttlSt 
^-flsiWft - 1 #T£ h . *»>)!"Ctt*-WtS'*«>T* 

^ejii s y- hBMHBt* t'cDimm (y'J3 >Itf fc^ ) 
jg T PZT5rt*05if^#PSr^ B , VfbS-^-S. lTr^ 

?v)^y tc#jiT$>&. y-bwumtLtm 

10 j&LfcZrOi . Hf O2 . isVir-hmtct'tm^m 
ma . feftttrtLbfir fc* £ B 6*1 1 L X %jmt 2>Zt #T 

£ & „ d ix * Tti y 3 > t . Rmwrmx-fo -> 

^.T->. ^V*tZ<nryy7±\z**rJ* : y?-$:J& 
C O P«jttCfcl->T . 77 ^awj-K*»*»i«*ffl 

k.*h. zcoyxD-tMzi QmfrfrtW't ximnt 
20 %K>. *Bft**:vcD-ithMmi\Lrfmmxz&. ? 
yvisjLyyyttiim-rhmz-fxfmz&mt&zt 

jftc±5V>T. ^<0ffiffiLJtSS4J-OR«*«i:i|iHt«i:O 
[HI ) *«BjOPZT«*rK«ficI»i: LTflWflLfc^ 

•wcs'* jw§aacs*ifc x'ja >-*a»*»eoBiay"Ei. 

30 [@2] *«Bfloim»f^»{lS:«3frt4XS7D-a. 
5r^-Tir®l21. 
(MFIS) <7)®i®ll. 

[ El 5 ] *^BjO P Z TJS ?r«ffl LfcAf^tt^ -v^°>" 

iH6) *f&M&mm*mtt+*¥pmtott0ffiB 
m. 

[07 ] £fflvvcaBWtt»SrS#Wfc 
0. 

[ 09 ) *%BJtf07 7 7yi5 ^r£[«;ifciD«fe*P!§§ 

a^n§K®0. 

[010] *&BJI(r)*mikmWi±lzBj8.2ixt:*t-rJ-<;>> 
f k *(DTlzmf$.Z-h.t:A 1 ffilRSrSf ^S<OBSS0. 

[01 1) *^JOil7tV^^^iSa$^^'j3>7 

50 [012) ^^<*S«±tC?g^ SiifcPZTJKt757 
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[013] ^»»«i:tcjBfiS3n/cPZTBI«:7-5 7 

1, 20, 40, so - • •mmftrnfo (9xn) , 

2, 9, 1 3, 26 (2 6 a, 26b, 26c, 26 
d , 26e), 30, 41, 48 - • • J&ftHg, 3 
• - • S/«J 3>SKb«. 4, 10, 23, 42 - • y 
7^, 5, 3 2, 4 3- • «;<y7i. 6, 2 7, * 



(16) 4 «H 2 0 0 2 - 5 7 3 0 1 

30 

: 4 5 • - • T9*mS, 7, 28, 34, 46 - • - 
KfflH (PZTJH) , 8, 29,35,47---_hgg 
B&. 11,21—- V-^/'FU 12, 
25 (25a, 25b, 25c, 25d, 25e), 3 
1 • - - EH. 2 2 • - • =m;Uh->VlM K, 2 
4 - • - Ti/Ti NODSI/lJJfi. 3 3- • • hKlb 

M. loo--- !*?4^* io2- • ■ a 

f4£, 103 - ■ • */*a»ACL 104" ■»« 

1 0 5 - • - £XK. 106 •• • 
7\ 107 • • - 77 r>a7>7\ 108 • 

i o 9. i i o • • • mm* 
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